ABSTRACT The sperm receptors of the ascidian oocyte are located at the outer surface of the vitelline coat (formerly called the chorion). The fucose residues are the receptor's most important components for sperm recognition and binding. We asked whether the fucosyl-containing glycoproteins of the vitelline coat are a product ofthe oocyte, the follicle cells, or the test cells. Ovaries of Ciona intestinalis were injected with L-[3H]fucose and the progress of its incorporation was followed by using autoradiography and sodium dodecyl sulfate/polyacrylamide gel electrophoresis of the injected gonads and of the isolated vitelline coats. We found that incorporation of fucose begins within the vitellogenic oocytes, and fucose slowly accumulates in the differentiating vitelline coat. At no time could fucose incorporation be detected Experimental evidence obtained in several animals (1-7) indicates that the vitelline coat (VC) (and its equivalent zona pellucida in the mammalian egg) bears the primary sperm receptors-i. e., the molecular complexes that enable specific recognition and binding of spermatozoa to the egg. The VC is usually considered to be a product of the follicle cells. Should this be the case, it implies that the synthesis of the sperm receptors, which play a key role in the process of sperm-egg interaction, is delegated to the somatic components ofthe gonad.
polyacrylamide gel electrophoresis of vitelline coats prepared from the injected ovaries showed fucose incorporation into the same three glycoproteins present in vitelline coats from mature oocytes and identified by their affinity for '5I-labeled fucosebinding protein [ Experimental evidence obtained in several animals (1) (2) (3) (4) (5) (6) (7) indicates that the vitelline coat (VC) (and its equivalent zona pellucida in the mammalian egg) bears the primary sperm receptors-i. e., the molecular complexes that enable specific recognition and binding of spermatozoa to the egg. The VC is usually considered to be a product of the follicle cells. Should this be the case, it implies that the synthesis of the sperm receptors, which play a key role in the process of sperm-egg interaction, is delegated to the somatic components ofthe gonad.
In mammals the primary sperm receptors are a component of the zona pellucida, which makes it analogous to the VC of, for example, the sea urchin egg. Recently, Bleil and Wassarman (8) have provided convincing evidence that the zona pellucida is synthesized by the oocyte.
The ascidian egg is convenient for studying functional relationships between the oocyte and its envelopes. The latter consist ofa fibrous chorion and a layer oflarge follicle cells attached to its outer surface. Between the chorion and the surface of the oocyte there is a perivitelline space filled with the test cells, whose significance is still unclear. The chorion can be manually separated (with fine needles) from the egg. This offers an almost unique opportunity to study "naked" eggs and egg envelopes without the use of enzyme treatments. Work from this laboratory has shown that the chorion is the carrier of the primary sperm receptors (9, 10); hence, we have suggested that it be designated as the VC of the egg (11) . There are no other membranes or coats at the surface of the egg (12) .
In a previous study (13) we described the differentiation of the VC ofthe oocyte of Ciona intestinalis during oogenesis. We demonstrated that the precursor material of the VC (VCPM) of Ciona oocytes first appears soon after the oocyte and its accompanying cells have left the germinal strand and is in the form offluffy fibrillar patches at the surface of the oocyte. When the oocyte enters the vitellogenic stage, the patches merge with one another, thus giving rise to a coat ofloosely arranged fibrils that surrounds the oocyte. At this stage a continuous layer, identifiable as the VC, becomes visible even in the optical microscope. Shortly thereafter two layers can be distinguished in the VC: an outer one that is in contact with the follicle cells and in which the fibrils are more densely packed, and an inner layer in contact with the oocyte, which still retains its loose organization. The VC acquires its final compact structure only when oocyte maturation is completed and the test cells are released into the perivitelline space.
This sequence of events suggests that the VC is indeed a product of the oocyte rather than of the follicle or test cells. However, the possibility that the follicle cells play a role in its assembly cannot be discounted, particularly in view of our observations that the condensation ofthe VCPM into the compact structure typical of the mature oocyte begins in its outer layer, which is in contact with the follicle cells.
We have used fucose as a marker of the synthesis of fucosylcontaining components of the VC and specifically of the sperm receptors. We have shown (i) that fucose is a component of the fibrillar tufts at the outer surface of the VC that are the binding sites for the spermatozoa (11) and (ii) that fucose residues at the outer surface of the VC play the major role in sperm binding (14, 15) . Moreover, we have identified three fucosyl-containing proteins in the VC (11) . This justifies the use offucose as a specific marker of the synthesis ofthe VC and, in particular, of the sperm receptors.
In this paper we show that the oocyte is indeed the source of the material for the synthesis of the fucosyl-containing components of the VC.
MATERLALS AND METHODS
Radiolabeling of the Ovaries. Ciona intestinalis was collected in spring, summer, and autumn in the Gulf of Naples. The ovary was injected with 100 ,ul of an aqueous solution of L-[6-3H]fucose (specific activity 26 Ci/mmol from Amersham; 1 Ci = 3.7 x 10 0 becquerels) through a small opening in the tunic. The animals were then kept in running seawater and the ovaries were collected 10 The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
Developmental Biology: Rosati et aL Isolation ofVCs from the Oocytes. VCs from ovarian oocytes were obtained by gently homogenizing four whole injected ovaries (after removal of the outer fibrous envelope) in 2.5 ml of Millipore-filtered seawater in a Dounce homogenizer. This procedure breaks the VC, thus allowing the outflow of the oocyte material. The homogenate was then filtered through a G3 Buchner filter; the VC remains on the filter, and after several rinses with sea water it is essentially free of egg contaminants (13) .
Autoradiography Proc. Natl Acad. Sci. USA 
Inspection of sections of the labeled ovaries showed that, at no time were radioactivity grains present either on the follicle cells or on the test cells (Figs. 2-5) . Moreover, very few grains were found on the previtellogenic oocytes, and these were sparsely scattered (Fig. 1) .
On the other hand, on vitellogenic oocytes and on those that had completed vitellogenesis, both overall incorporation and the intracellular distribution pattern of the grains changed with the progress ofoocyte growth and maturation. Ten minutes after [3H]fucose injection only a few grains were randomly scattered over the whole cytoplasm of the oocytes. In the early stages of vitellogenesis, between 30 and 60 min after the injection, in addition to the still uniformly scattered grains, a number of grain clusters were quite prominent, mostly close to the germinal vesicle (Fig. 2 Upper) . The number of grains and grain clusters increased with the growth ofthe oocyte. Also, the grain clusters 1910 Developmental Biology: Rosati et al become larger and no longer were confined to the proximity of the germinal vesicle (Fig. 2 Lower). Grains were present also at the surface of these oocytes 4 hr after the injection. Their density increased up to 18 hr (Fig. 3) , but no further increase was observed 24 hr after the injection. The pattern of labeling was different in maturing oocytes in which the test cells had not yet been released into the perivitelline space and the VC was still apposed to the oocyte surface. Over the cytoplasm the grains were less dense than in the case of the still growing, vitellogenic oocytes, and no grain clusters were present. On the other hand, there was a heavily labeled thin layer at the surface of the oocyte, which could clearly be recognized as the VC (Fig. 4) .
Identification of the Fucosyl-Containing Proteins of the Differentiating Viteiline Coat. Whole homogenates and isolated VCs from injected ovaries were solubilized and submitted to SDS/polyacrylamide gel electrophoresis. However, it should be noted that, depending on the degree ofmaturity ofthe ovary (which cannot be easily determined from its external appearance), there was a large variability in isotope incorporation and in recovery of VCs in different animals. This, in turn, resulted in variability of the specific activity of the VC (cpm/VC) in the different preparations.
Gel autoradiograms of preparations obtained 4-24 hr after isotope injection consistently showed four major bands (Fig. 5 ) both in homogenates ofwhole eggs and in the isolated VCs. The bands could not be detected in preparations obtained up to 2 hr after the injection. The positions of the bands corresponded to apparent molecular weights of 140,000, 125,000, 100,000 and 78,000, respectively. The molecular weight 140,000, 125,000, and 78,000 bands have the same mobilities as the a, (3, electrophoretic bands previously identified in the homogenate of VC from mature oocytes after labeling with "WI-labeled fucose-binding protein (FBP) (11) . On the other hand, a molecular weight 100,000 FBP-binding band was never detected in the VC of the mature oocyte. DISCUSSION The VC of the mature oocyte ofCiona contains three glycoproteins identified by their specific binding to 125I-FBP. Unpublished experiments indicate that the most abundant carbohydrate ofthe VC is N-acetylgalactosamine, followed by fucose and glucose. However, the fucose residues at the surface of the VC appear to be functionally the key component for sperm-egg recognition and binding (14, 15) . Hence, it was important to find out whether the fucosyl-containing components ofthe VC were synthesized by the oocyte or by the accessory cells ofthe gonad.
The observations reported in this paper show that the fucosylcontaining components ofthe VC are indeed synthesized by the oocyte. Labeling ofthe VCPM becomes distinctly recognizable only in the midvitellogenic oocytes, when the fluffy patches had merged into a continuous layer, perhaps because only by then do the fucosyl-containing components reach concentrations detectable by the autoradiographic method. However, it cannot be ruled out that the fucosyl-containing components were inserted into the VC only after its core structure had been laid down and its organization had reached a certain condition.
The timing offucose incorporation into the VC suggests that the synthesis of the fucosyl-containing glycoproteins and their incorporation into the VC begin at midvitellogenesis and are Proc. Natl. Acad. Sci (18) . This similarity between the situation in eggs of the most primitive and of highly advanced representatives of the chordate phylum merits attention.
